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INTRODUCTION 


During  his  visit  to  Walter  Reed  Army  Institute  of  Research  in  July  1976  the 
Principal  Investigator  handed  over  a comprehensive  progress  review  of  all  activities 
in  the  field  of  leishmaniasis  reseorch  at  the  Liverpool  School.  This  report  included 
studies  on  biochemical  taxonomy  of  the  genus  Leishmanig,  cultivation  and  strain 
maintenance,  ultra  structure  end  immunology,  as  well  as  the  host-parasite  interaction 
and  chemotherapy.  The  last  two  topics  were  those  specifically  supported  under  the 
present  Grant. 

In  the  belief  that  this  overall  picture  of  our  activities  is  of  value  to  the  staff 
of  ^AIR  and  other  interested  parties  of  the  US  Army  we  are  submitting  for  this, 
our  Final  Technical  Report,  a report  in  a similar  format.  The  work  carried  out  by 
Dr.  Lewis  on  Grant  support  has  now  been  terminated,  and  the  results  are  presented 
in  several  publications  (starred  in  Section  3.2,  page  9 ).  A copy  of  the  proof  of 
the  latest  and  most  comprehensive  of  these  popers  is  enclosed  (the  manuscript 
having  been  approved  for  publication  earlier  by  WRAIR),  as  well  as  a copy  of  a 
preliminary  note  indicating  work  which  it  is  hoped  will  be  followed  up  this  year. 

A new  grant  application  concentrating  on  the  chemotherapy  of  leishmaniasis 
was  submitted  to  WRAIR  in  February  1977.  At  the  time  of  writing  news  is  awaited 
on  the  outcome  of  this  application.  Meanwhile  research  continues  as  far  as  possible 
with  support  from  other  sources,  although  this  is  irwdequate  to  allow  continuation  of 
our  full  chemotherapy  programme. 

We  are  fortunate  to  have  been  joined  by  Mrs.  Paula  Stenning  (supported  by 
the  Wellcome  Trust)  who  will  contribute  to  our  chemotherapy  programme  several  years' 
postgraduate  experience  at  the  Rockefeller  University  on  cellular  immunology.  This 
is  particularly  important  at  this  stage  of  our  studies  on  the  mode  of  action  of  anti- 
leishmanial  drugs.  Other  members  of  the  team  engaged  on  chemotherapy  reseorch 
ore  Dr.  Carol  Homewood,  Mr.  Regina  Ido  Brazil  (of  Rio  de  Janeiro),  and  Chief 
Technician,  Mr.  Brian  Robinson. 

The  scope  of  our  chemotherapy  research  will  in  future  be  broadened  by  new 
associations  that  we  have  been  able  to  develop  with  other  scientists  in  Liverpool. 
Weekly  discussions  organised  by  Mr.  R.  Sells,  a consultant  surgeon  at  the  Liverpool 
Royal  Infirmary,  on  aspects  of  cell-mediated  immunity  with  special  reference  to 
leishmaniasis  are  clearly  a valuable  aid  in  our  thinking  on  this  topic.  We  have  started 
o collaborative  project  with  Dr.  A.  Griffiths,  a consultant  dermatologist  at  the 
Royla  Infirmary,  on  aspects  of  the  non-specific  activation  of  the  immune  system  as 
a means  of  combating  leishmanial  infections.  Dr.  Griffiths  has  considerable  clinical 
experience  of  leishmaniasis  in  Iran  and  has  maintained  his  links  with  that  country. 
Recently  a joint  project  with  Dr.  R.  New  of  the  Liverpool  University  Biochemical 
Department  has  been  started  on  introducing  antimony  compounds  into  liposomes  as  a 
means  of  rendering  them  lysosomotropic. 
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1.  SCIENTIFIC  ACTIVITIES 


1.1  Cultivation  and  strain  maintecxince 


1.1.1  Cryobank 

The  cryobank  has  been  expanded  considerably  during  fhe  last 
year  so  that  we  now  have  nearly  600  isolates  preserved  in  liquid  nitrogen.  The  main 
source  of  the  material  added  this  year  has  been  the  transfer  of  important  reference 
material  from  the  WHO  Leishmaniasis  Reference  Centre  ot  Haddossah  Medical  School, 
Jerusalem.  In  the  past  problems  have  been  encountered  by  many  workers  in  the 
transfer  of  Leishmonia  cultures  from  Jerusalem.  Recent  experience  has  shown  that  the 
poor  viability  of  cultures  previously  received  from  Jerusalem  has  been  due  too  toxic 
substance  in  the  serum  vials  normally  used  by  the  Jerusalem  staff  for  transporting 
Leishmonia  cultures.  When  alterrxitive  containers  were  used  all  cultures  arrived  in 
a viable  state.  Some  difficulty  has  also  been  encountered  in  the  transfer  of 
Honduran  isolates  from  the  Walter  Reed  Army  Institute  of  Research,  Washington. 

Annex  I lists  Leishmonia  isolates  in  the  Liverpool  reference  collection. 

1 .1  .2  Cultivation 


We  have  recently  been  investigating  the  growth  of  Leishmanio 
promastigotes  in  the  defined  medium  of  Steiger  and  Steiger  (J  . Porasit . , 62, 

1010-1011,  1977).  Such  a medium  offers  considerable  potential  for  the  study  of 
metabolism  of  Leishmonia,  and  could  also  ensure  the  production  of  reproducible 
antigens  for  use  in  immunological  studies.  The  results  so  far  appear  very  promising 
and  this  medium  seems  to  be  capable  of  supporting  the  growth  of  a number  of  species 
of  Leishmonia,  including  L.  aethiopica,  L.  donovani  s.  I.  and  L.  mexicono  amozonensis. 
This  stud^v^ll  be  extended  to  include  other  species,  e.g.  L.  broziliensis  which 
are  not  readily  cultured. 

1 .2  Ultra  structure  I studies 


1,2.1  Noguchi-Adler  body 

An  ultrastructural  study  of  Noguchi-Adler  bodies,  comparing 
those  produced  by  promastigotes  of  on  EF  producing  strain  (L.  braziliensis  braziliensis  - 
LV64)  and  a non-EF  producing  strain  (L.  hertigi  - LV43)  grown  in  high  and  low 
concentrations  of  homologous  antibody,  showed  interesting  external  differences  and 
intracellular  structural  changes.  In  the  high  concentration  of  antibody  (1  in  10), 
the  agglutinated  cell  body  of  L.  b.  braziliensis  contained  an  extensive  precipitate 
which  separates  individual  parasites  and  occurs  inside  swollen  flagellar  pockets. 

Many  cells  appeared  to  be  dead  and  small  membranous  residues  were  seen  associated 
with  distended  flagella  and  the  flagellar  pocket  opening.  The  agglutinated  bodies 
formed  by  cells  of  L.  hertigi  (the  non-EF  producer)  had  no  dense  precipitate,  though 
some  precipitate  was  visible  in  the  flagellar  reservoirs  and  as  o thin  layer  between 
rounded  cell  forms  (Fig.  1).  Many  internal  changes  were  produced  by  either  the 
clumping  or  antibody  effects  at  the  cell  surface.  The  lack  of  cytokinesis  resulted 
in  enlarged  cell  bodies  containing,  for  instance,  up  to  5 nuclei,  470  subpellicular 
microtubules  in  cross-section,  two  nuclei  dividing  at  the  same  time  both  containing 
spindles  and  5 basal  bodies  associated  with  a single  kinetoplast. 


-3- 


1 .2.2  The  nucleus  of  Lj_  hertigi 

Further  ultrastructurol  studies  of  the  nucleus  of  L.  hertigi  hove 
revealed  porocrystolline  arrays  af  ribosome- like  particles,  situated  close  to  the 
karyosome  (Fig.  2).  These  particles  ore  arranged  in  a series  of  closely  opposed 
helices,  40  nm  wide  and  up  to  1 long  (Fig  3).  Though  only  seen  several 
times  in  many  thousands  of  cultured  promostigote  nuclei  examined,  their  frequency 
>was  greatly  increased  in  the  nuclei  of  agglutinated  cells  in  the  Adler  bodies  at 
high  antibody  concentration. 

Electron  microscope  autoradiographic  studies  on  the  incorporation  of  uridirse 
and  thymidine  into  the  nucleus  have  so  far  indicated  an  interesting  distribution  of 
labelled  thymidine.  In  the  first  study  66%  of  grains  were  formed  over  the  peripheral 
chromatin  inside  the  nuclear  membrane,  25%  over  the  central  karyosome,  and  9% 
over  the  nucleoplasm  between  these  two  placements  of  heterochromatin. 

1 .3  Biochemical  taxonomy 

1.3.1  African  Leishmania 


The  past  year  has  seen  considerable  progress  in  the  biochemical  taxonomic 
studies  of  Drs.  Chance  and  Schnur,  and  Mr.  Thomas.  A study  of  approximately  60 
strains  from  the  Ethiopian  zoogeographical  region  of  Africa  has  been  completed  using 
seven  taxonomic  criteria;  (a)  the  enzyme  variants  of  malate  dehydrogenase,  glucose 
phosphate  isomerase,  6-phosphogluconate  dehydrogenase,  and  glucose -6-phosphate 
dehydrogenase;  (b)  the  buoyant  density  of  nuclear  and  kinetoplast  DNA;  and 
(c)  the  serotype  of  excreted  factor.  Figs.  4 and  5 show  ihe  electrophoretic  variation 
in  glucose  phosphate  isomerase  of  a wide  range  of  African  Leishmania . A summary  of 
our  major  findings  is  given  here;  for  clarity  they  are  also  tabulated  in  Annex  II. 

All  the  parasites  isolated  from  cases  of  visceral  leishmaniasis  in  Sudan,  Kenya,  Senegal 
and  Ethiopia  are  identical  in  terms  of  the  parameters  studies  (the  systematics  of 
"L.  donovani  s.  I."  will  be  discussed  fully  later).  A large  number  of  isolates  from 
animals  impficated  as  reservoirs  of  "L.  donovani  s.  I."  have  been  examined.  Apart 
from  the  Sudanese  strains  isolated  from  rodents,  i.e.  Arvicanthis,  Acorn ys and  wild 
carnivores  (Felis  servol  ond  Genetto  genetto  which  were  incriminated  by  Hoogstraal 
and  Heyneman  (Am.  J.  Trop.  Med.  Hyg.,  18,  1091-1210,  1969)  as  reservoirs  of 
visceral  leishmaniasis),  all  other  strains  isdated  from  rodents,  (Td^ef^,  Xerus, 

Arvicanthis,  in  Kenya  and  Ethiopia  and  Senegal)  and  suspected  of  being  reservoirs 
of  the  visceral  disease  in  man  have  proved  to  be  tropica,  or  more  properly 
L.  major.  We  have  identified  this  parasite  isolated  from  man  in  West  Sudan,  the 
Rift  Valley  of  Kenya  and  Ethiopia,  and  Senegal  as  well  as  of  course  the  Mediterranean 
Basin  and  the  Middle  East.  The  only  strain  isolated  from  possible  reservoirs  which 
has  proved  identical  to  "L.  donovani  s . I."  was  a strain  isolated  from  a dog  in  Senegal. 
Strains  isolated  from  Phlebotomus  orientalis  in  Sudan  and  P.  martini  in  Kenya  have 
also  been  shown  to  be  "L.  donovani  s.  I.". 

The  epidemiological  features  of  L.  aethiopica  which  were  already  well  understood 
were  confirmed  by  this  study.  We  were  also  able  to  confirm  the  presence  of  L.  aethiopica 
in  the  Mt.  Elgon  focus  of  cutaneous  leishmaniasis  in  Kenya  and  also  show  that  the  hyrax 
is  a reservoir  and  P.  pedifer  a vector . 
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We  have  been  fortunate  to  have  been  able  to  examine  isolates  from 
South  West  Africa  (Namibia).  The  parasites  are  unlike  any  others  we  hove  exomined. 
While  the  isolates  from  man  and  P.  rossi  were  identical,  the  hyrox  isolates  were 
distinct.  This  is  difficult  to  explain  since  P.  rossi  horbouring  a different  parasite 
were  Isolated  at  the  mouth  of  the  hyrox  burrows. 

1.3.2  "L.  donovoni  s.  I." 

For  several  years  the  existence  of  at  least  two  distinctive  parasites 
causing  visceral  disease  in  man  has  been  recognised  on  the  basis  of  our  biochemical 
characterizations. 

(a)  The  most  widespread  parasite  is  that  found  in  Africa,  the  Mediterranean 
Basin,  South  America,  Middle  East,  Central  Asia  and  India.  Despite  the  varying 
epidemiological  patterns  associated  with  the  disease  in  these  areas  we  hove  found  no 
way  of  distinguishing  the  parasites,  even  though  we  hove  extendeo  the  ronge  of 
parameters  studied  to  include  enzyme  varionts  of  alanine  aminotronsferose,  non-specific 
esterase  and  acid  phosphatase  (the  last  two  enzyme  types  being  determined  by 

Dr.  F.  Ebert  of  Hamburg  University).  This  would  suggest  that  these  parasites  only 
differ  from  each  other  in  a few  gene  loci. 

Incidentally  we  have  demonstroted  that  "Oriental  sore"  in  the  Mediterranean 
region  may  be  caused  by  this  parasite. 

(b)  The  other  main  visceraliring  ijrganism  which  does  not  appear  to  be 
related  to  the  above  species  is  more  restricted  in  its  distribution,  being  limited  to 

a narrow  band  from  Israel  to  India.  It  is  quite  clear  from  our  results  that  the  parasite 
is  a variant  of  L.  tropica  (=  L.  tropica  minor). 

Presumably  one  of  these  species  corresponds  to  L.  donovoni  and  the  other  to 
L.  infantum.  Unfortunately  since  we  have  shown  that  both  parasites  occur  in  India 
where  L.  donovoni  was  first  described,  we  do  not  yet  know  to  which  of  them  the 
specific  names  should  be  ascribed. 

Further  isolates  are  needed  from  the  type  locality  of  L.  donpygni  for 
comparison  with  isolates  olreody  in  our  collection. 

1 ,3.3  L.  braziliensis 

Future  studies  of  biochemical  taxonomy  will  focus  on  the  New  World, 
especially  the  L.  braziliensis  complex.  In  this  connection  we  have  examined  strains 
isolated  from  the  Wellcome  personnel  in  Belfem  in  an  attempt  to  identify  the  subspecies 
of  L.  braziliensis.  The  only  clear  means  of  identification  of  subspecies  of  L.  braziliensis 
is  by  means  of  The  enzyme  6PGDH,  though  alanine  aminotransferase  is  also  useful  in 
this  context.  The  infections  of  patients  K-K.  (LV475)  and  R.W.  (LV  476)  appear  to 
have  been  by  L.  b.  guyonensis. 
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I .3.4  Studie'.  on  Lei&hmanio  herHgi 


Characterization  by  Mr.  Simon  Croft  of  eight  strains  of  L.  hertigi, 

5 isolated  in  Panama  and  3 isolated  in  Brazil,  hos  shown  thot  the  stroins  from  these 
two  geographic  regions  should  be  separated  into  two  subspecies.  Similorities  between 
Ponamanian  and  Brazilian  strains  include  the  presence  of  virus-like  particles  in  all, 
and  the  formation  of  large,  elongate  amastigotes  in  mouse  peritoneal  macrophages 
at  37°C  in  vitro.  The  kinetoplast  ond  nucleor  DNA  buoyant  density  and  the 
electrophoretic  variants  of  malote  dehyd’oganse  also  proved  to  be  similar . Firtally, 
it  was  not  possible  to  detect  the  production  of  excreted  factor  (EF)  by  cultured 
promastigotes  using  the  techniques  of  Schnur,  Zuckerman  ond  Greenblott  (Isroel 
J.  Med.  Sci.,  8,  932-942,  1972).  Differences  found  between  Brazilian  and 
Panamanian  strains  included  the  electrophoretic  variants  of  glucose  phosphote 
isomerase,  and  glucose -6-phosphate  dehydrogenase.  In  the  Noguchi -Adler  test, 
the  growth  patterns  of  promastigotes  in  dilutions  of  homologous  and  heterologous 
ontisero  produced  against  one  strain  of  Ponomonion,  ond  one  of  Brazilian  L.  hertigi, 
(occording  to  the  method  of  Adler  (Adv . Porosit.,  2 , 35-96,  1964|also  indicated 
clear  qualitative  differences  between  the  groups  of  strains.  Other  serological 
differences  were  shown  by  gel-diffusion  reactions  between  these  ontisera  and  previously 
typed  EF  collected  from  other  species  of  Leishmanio;  antiserum  from  the  Panamanian 
strain  cross-reacted  only  with  EF  type  A,  and  that  from  the  Brazilian  strain  only  with 
EF  type  B (according  to  the  serotype  classification  of  Schnur  et  al . (loc.cit .). 

1 .4  The  interaction  between  Leishmanio  and  macrophages  in  vitro 

We  have  reported  previously  that  Leishni>ar»ia  do  not  appear  to  inhibit  the  fusion 
of  lysosomes  with  the  autophagic  vacuole.  The  amastigote  might  survive  in  the  autophagic 
vacuole  because  in  some  way  the  digestive  enzymes  discharged  into  the  vacuole  are 
inhibited.  This  possibility  has  been  examined  further  by  determining  the  acid 
phosphatase  activity  within  infected  macrophages  at  both  the  light  and  electron 
microscope  levels.  It  is  clear  that,  although  acid  phosphatase  activity  can  be  seen 
both  within  the  macrophage  and  the  amastigotes,  there  is  almost  no  activity  within 
the  vacuole  itself.  The  activity  of  enzymes  ingested  from  the  culture  medium  along 
with  amastigotes  has  been  examined  by  monitoring  the  activity  of  horseradish  peroxidase 
introduced  into  the  autophagic  vacuole  in  this  manner.  The  activity  of  the  enzyme  was 
markedly  reduced,  indicating  that  the  amastigote  is  indeed  capable  of  inhibiting 
enzyme  function  within  the  autophagic  vacuole. 

1 .5  Immunological  stifles 

1.5.1  The  effect  of  immunopotentloting  ond  immunosuppressive  drugs 

The  development  of  lesions  in  TFW  mice  caused  by  L.  m.  omazonensis 
LV79  was  examined  when  the  mice  were  treated  with  niridozole,  cyclophosphamide 
and  levamisole.  The  immunosuppressive  drugs  niridozole  and  cyclophosphamide  produce 
an  initiol  delay  in  the  appearance  of  lesions  followed  by  a delay  or  on  inhibition  of 
the  self-cure  process. 

Levamisole,  an  immunopotentiating  agent  has  the  paradoxical  effect  of 
enhancing  the  early  development  of  lesions.  This  could  be  explained  either  by  its 
causing  increased  phagocytosis  or,  possibly,  by  an  increase  in  the  size  of  macrophage 
populations. 
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1.5.2  Immunologicol  status  of  laboratory  workers 

A survey  of  members  of  the  Department  has  been  undertaken  to 
establish  whether  any  sensitization  to  leishmanial  antigens  has  taken  place  during 
their  work  in  the  laboratory.  This  has  been  dorw  using  the  Migration  Inhibition 
Factor  (MIF)  test.  The  results  have  not  been  clear  cut.  Three  positive  controls; 
one  case  of  active  visceral  infection,  one  active  cutoneous  infection  and  one 
healed  cutaneous  infection  apparently  did  not  recognise  the  antigen,  i.e.  no  MIF 
was  produced.  However,  two  subjects  with  considerable  exposure  to  Leishmonio 
in  the  field  but  no  known  disease  showed  migration  inhibition  values  of  40%.  It  is 
hoped  to  extend  these  studies  to  include  larger  numbers  of  positive  controls,  artd 
to  ascertain  the  correlation  between  lymphocyte  blast  transformation  and  the 
leishmanin  skin  test  (delayed  hypersensitivity). 

1 .6  Metabolic  studies 

Mr.  Regirxsldo  Brazil  has  started  a study  of  the  metabolism  of  amastigotes 
of  Leishmania  by  looking  for  electrophoreticolly  demonstrable  enzymes  from  experimentally 
infected  macrophages.  A comparison  is  also  nxide  with  cultured  promastigotes  in  order 
to  establish  what  metabolic  changes  occur  during  the  promastigote-omostigote 
tronsformation . Thirteen  enzymes  from  a number  of  metabolic  pathways  have  been 
examined  though  some  technical  difficulties  hove  prevented  clear  conclusions  being 
drawn  yet.  Mo  late  dehydrogerxise  is  clearly  present  in  amastigotes  arsd  probably 
unchanged  from  the  enzyme  found  in  promastigotes.  There  have  also  been  indications 
that  iso-citrate  dehydrogenase  is  present  in  amaitigotes.  Thus  two  Krebs  cycle 
enzymes  have  been  demonstrated  in  amastigotes.  Enzymes  of  the  Krebs  cycle  also 
occur  of  course  in  promastigotes.  The  glycolytic  enzyme  glucose  phosphate  isomerase 
has  been  tentatively  Identified  in  amastigotes.  Attempts  are  being  made  to  examine 
whether  the  culture  forms  that  are  morphologically  similar  to  amastigotes  and  which 
can  be  readily  produced  by  elevated  temperatures,  are  metabolically  identical  to 
amastigotes. 

1 .7  Chemotherapy 

Ultrastructural  investigations  on  the  site  of  action  of  sodium  stiboglucorsate 
hove  been  carried  out  using  a therapeutic  dose  of  Pentostom  (400  mg  base/kg). 

Preliminary  investigations  on  the  mode  of  action  of  sodium  stiboglucorxite  were  noted 
briefly  in  the  5th  Semi-Annual  Report.  A reduction  in  ribosome  numbers  appears  to 
be  o primary  target  of  drug  action  at  this  high  dose.  The  effect  is  seen  in  Fig  . 6 

Note  that  most  parasites  appear  normal.  There  are  few  intermediates  betvreen 
those  of  normal  ultrastructure  and  those  terminally  damaged.  Fig.  7 shows  a number 
of  parasites  from  control  liver  samples.  In  these  are  seen  membrane  bound  structures 
containing  membranous  material  and  small  dense  granules,  within  the  host  cell 
cytoplasm  and  in  the  close  proximity  of  the  parasites.  The  parasites  lie  within  a 
membrane  of  host  cell  origin,  which  Is  tightly  apposed  to  the  parasite's  own  membrane, 
and  can  be  detected  only  at  o high  magnification. 


L. 
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The  "membranous  complex"  in  the  host  cytoplasm,  although  not  hisfochemicolly 
characterised,  is  typical  of  secondary  lysosomes  formed  os  a result  of  autophagic 
activity.  These  fuse  with  the  phagosomal  membrane  surrounding  the  parasites  to  form 
a vacuole.  In  Fig.  8 is  seen  debris  from  a membranous  structure  within  the  parasit- 
ophorous  vacuole. 

Further  data  on  the  correlation  between  the  action  of  various  drugs  in  tissue 
culture  and  in  vivo  are  being  analysed  at  the  time  of  writing.  See  attached  papers 
by  Lewis  anrTPeters  (1977)  and  Lewis  and  Besso  (1977). 

1 .8  Field  studies 

No  field  work  has  been  possible  during  the  year  following  Dr.  Ashford's 
departure,  on  secondment  to  the  University  of  Papua  New  Guinea.  It  is  intended  however 
to  extend  the  collaboration  with  Professor  Rioux  and  Dr.  Killick-Kendrick  in  the 
Montpellier  area,  to  follow  up  work  initatied  in  Libya,  and  extend  collaboration  with 
workers  in  Kenya.  ELISA  tests  are  being  carried  out  in  association  with  Dr.  Mutinga 
and  his  associates  on  sera  from  kala-azar  foci  in  West  Pokot  and  the  Muchakos  area 
of  Kenya . 


2.  RESEARCH  PLANS 

As  indicated  in  the  Introduction,  these  have  been  submitted  to  WRAIR  with 
our  application  for  a Research  Contract.  In  summary  they  are: 

i)  to  study  the  mode  of  action  of  existing  anti  leishmanial  agents 

ii)  to  evaluate  potential  new  drugs  against  Leishmania 

iii)  to  develop  new  chemotherapy  models  with  special  reference  to 
New  World  Leishmania . 

We  have  already  received  and  are  studying  new  drugs  from  WRAIR.  In  addition 
work  has  started,  in  collaboration  with  Dr.  R.  New  of  the  Department  of  Biochemistry, 
Liverpool  University,  on  the  incorporation  of  organic  antimonials  into  liposomes. 

The  interaction  of  non-specific  immunological  stimuli  with  specific  chemotherapy  is 
another  important  line  that  will  be  pursued  with  the  collaboration  of  Dr.  A.  Griffiths. 

<* 

We  have  still  far  to  go  in  comparing  the  baseline  response  of  different  species 
and  different  isolates  of  identical  species,  to  specific  anti  leishmanial  drugs,  in  order 
to  evaluate  actual  or  potential  drug  resistance  in  Leishmania  infections.  It  is  also 
important  to  seek  ways  of  potentioting  drug  action  by  the  use  of  suitable  drug  combinations, 
a logical  step  in  the  light  of  the  paucity  of  effective  agents  at  the  present  time. 

In  parallel  with  our  chemotherapy  studies  we  will  continue  (with  other 
support)  studies  on  the  following  aspects:- 
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(a)  Systematics  and  zoogeography . 

The  emphasis  this  year  will  be  to  complete  our  analysis  af  material 
from  the  New  World.  Numerous  isolates  including  many  from  Drs.  Lainson  and 
Shaw  are  being  grown  in  culture  in  preparation  for  DNA  and  enzyme  characterisation. 
New  antisera  will  be  prepared  for  EF  analysis,  using  New  World  isolates  as  standards, 
rather  than  only  those  from  Old  World  material. 

(b)  Parasite  biology  and  biochemistry. 

New  methods  of  parasite  cultivation  will  be  explored  particularly 
with  a view  to  providing  defined  media  that  can  be  used  for  our  extended  studies 
of  parasite  biochemistry.  Special  emphasis  will  still  be  given  to  the  more 
difficult  New  World  isolates  of  the  L.  braziliensis  complex. 

(c)  Vaccination. 

If  personnel,  time  and  funding  permit  we  will  pursue  the  question 
of  active  immunisation  against  Leishmania . 


3.  CONFERENCES,  PUBLICATIONS 

3 . 1 Conferences  attended 

Professor  Peters  attended  the  Joint  Meeting  of  the  American  Society 
of  Tropical  Medicine  and  Hygiene  and  the  Royal  Society  of  Tropical  Medicine 
and  Hygiene,  held  in  Philadelphia,  3rd-5th  November,  1976 

Professor  Peters  attended  the  First  National  Congress  of  Parasitology 
held  by  the  Indian  Society  of  Parasitology  in  Baroda,  24-26th  February,  1977 

Professor  Peters  and  Dr . Homewood  attended  a WHO  Workshop  on  the 
Biology  of  Malaria  Parasites  and  on  in  vitro  cultivation,  held  in  New  York, 

7-1 2th  March,  1977. 

Professor  Peters  attended  the  Swiss  Society  of  Tropical  Medicine  Spring 
Meeting  held  in  Lindau,  West  Germany,  24-26th  March,  1977. 

Professor  Peters  and  seven  members  of  the  Department  attended  the 
Royal  Society  of  Tropical  Medicine  and  Hygiene  Laboratory  Meeting  held  in 
Liverpool,  18th  November,  1976 


3.2  Publications 


Papers  published  since  5th  Semi-Annuol  Report 

Ashford,  R.  W.,  Schnur,  L.  F.,  Chance,  M.  L.,  Samoan,  S,  A.  and  Ahmed,  H.  N. 
(1977).  Cutaneous  leishmaniasis  in  the  Libyan  Arab  Republic. 

Preliminary  ecological  findings.  Ann,  trop.  Med.  Porasit., 

71 , 265-271  . 

Chance,  M,  L,,  Schnur,  L.  F.  and  Thomas,  S.  C.  (1977).  The  identity  of 

African  rodent  Leishmanias.  Trons.  R.  Soc.  trop.  Med.  Hyg.,  71,  113. 

Chance,  M.  L.  (1976).  DNA  relationships  in  the  genus  Leishmonio . 

In;  "Biochemistry  of  Parasites  and  Host-parasite  Relationships", 

(ed.  Van  den  Bossche,  H.),  Elsevier/North-Holland:  Amsterdam. 

Croft,  S.  L.  and  Schnur,  L.  F.  (1977).  A comparative  morphological  study  of 

the  Noguchi -Ad  ler  phenonomenon . Trons.  R.  Soc.  trop.  Med.  Hyg.,  71,  114. 

Croft,  S.  L.,  Schnur,  L.  F.  and  Chance,  M.  L.  (1977).  Characterization  of 

strains  of  Leishmonio  hertigi . Trans.  R.  Soc.  trop.  Med.  Hyg.,  71,  113. 

Gardener,  P.  J.,  Schory,  L.  and  Chance,  M.  L.  (1977).  Species  differentiation 

in  the  genus  Leishmonio  by  morphometric  studies  with  the  electron  microscope. 
Ann,  trop.  Med.  Porasit.,  71,  147-155. 

Hommel,  M.  (1977).  New  approaches  to  the  experimental  study  of  leishmaniasis. 
Ph.D.  thesis:  Liverpool. 

Ki Ilick-Kendrick,  R.,  Leaney,  A.  J.,  Ready,  P.  D.  and  Molyneux,  D.  H.  (1977). 
Leishmania  in  phlebotomid  sandflies.  IV.  The  transmission  of  Leishmonio 
mexicana  amazonensis  to  hamsters  by  the  bite  of  experimentally  infected 
Lutzomyia  longipglpis.  Proc.  R.  Soc.  Lond.  B.,  196,  105-115. 

Lewis,  D.  H.  (1976).  Host-parasite  interactions  of  Leishmania  in  vitro. 

Ph.D.  Thesis;  Liverpool. 

*Lewis,  D.  H.  and  Besso,  A.  (1977).  Enzyme  activity  within  Leishmonio 

parasitophorous  vacuoles.  Trons.  R.  Soc.  trop.  Med.  Hyg.,  71,  113. 

* Lewis,  D.  H.  and  Peters,  W.  (1977).  The  resistance  of  intracellular  Leishmonio 
parasites  to  digestion  by  lysosomal  enzymes.  Ann,  trop.  Med.  Porasit., 

71,  295-310. 

Peters,  W.  (1976).  The  search  for  antileishmanial  agents.  Irv  "Biochemistry 

of  Parasites  and  Host-parasite  Relationships"  (ed.  Van  den  Bossche,  H.), 
Elsevier/North-Holland;  Amsterdam,  523-535. 


Peters,  W.  (1977).  The  diagnosis  and  treatment  of  leishmaniasis. 

Proceedings  of  the  German  Tropical  Medicine  Society  Meeting  held  in 
Lindau,  March  1977,  p.  36. 

Schnur,  L.  F.  (1976).  Leishmanial  excreted  factors  (EF)  as  skin  test  reagents 
in  the  diagnosis  of  leishmaniasis.  Parasitology,  73,  ix. 

Schnur,  L.  F.  and  Zockerman,  A.  (1977).  Leishmanial  excreted  factor  (EF) 
serotypes  in  Sudan,  Kenya  and  Ethiopia.  Ann.  trop.  Med.  Parasit., 
71,273-294. 

Papers  submitted  for  publication 

Ashford,  R.  W.  (1977).  The  comparative  ecology  of  Leishmania  aethiopica . 
BulLCNRS.  ■ 

Brazil,  R.  P.  (1977).  On  the  identity  of  Brazilian  Leishmania  strains  and  the  use 

of  the  name  1^  braziliensis.  Trans.  R.  Soc.  trop.  Med.  H^g.  (correspondence). 

Chance,  M.  L.  and  Peters,  W.  (1977).  The  characterisation  and  significance 
of  DNA  and  enzyme  variation  in  the  genus  Leishmania. 

Paper  to  be  presented  at  Fifth  Int.  Congress  of  Protozoology,  New  York, 

July  1977.  J . Protozool . 

Chance,  M.  L.,  Gardener,  P.  J.  and  Peters,  W.  (1977).  The  biochemical 
taxonomy  of  Leishmania  as  an  ecological  tool.  Bull.  CNRS. 

Croft,  S.  L.  (1977).  Ultra  structural  aspects  of  the  nucleus  of  Leishmania  hertigi , 

J . Protozool . 

Ki Ilick-Kendrick,  R.,  Molyneux,  D.  H.,  Hommel,  M.,  Leaney,  A.  and 
Robertson,  E.  (1977).  Leishmania  in  phlebotomid  sandflies,  V.  The  nature 
and  significance  of  infections  of  the  pylorus  and  ileum  of  the  sandfly 
by  leishmaniae  of  the  braziliensis  group.  Proc.  R.  Soc.  Lond.  B. 

Molyneux,  D.  H.,  Lewis,  D.  H.  and  Ki  Ilick-Kendrick,  R.  (1977). 

Aspects  of  the  microecology  of  Leishmania.  Bull.  CNRS. 

Peters,  W.,  Chance,  M.  L.,  Mutinga,  M.  J.,  Ngoka,  J.  M.  and  Schnur,  L.  F. 
(1977).  The  identification  of  human  and  animal  isolates  of  Leishmania 
from  Kenya.  Ann,  trop.  Med.  Parasit. 

Schnur,  L.  F.  (1977).  Insect  flagellate  excreted  factors  from  leptomonad, 
crithidial  and  herpetomonad  strains.  J.  Protozool. 
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4.  APPENDICES 

Annex  I List  of  isolates  in  reference  collection  19  pages 

Annex  II  Summary  of  the  hosts  and  distribution  of  the 

species  of  African  Leishmania  1 page 

Figure  1 L.  b.  braziliensis  in  1:10  dilution  of  homologous  antiserum 

Figure  2 L.  hertigi  showing  paracrystalline  array  of  ribosome-like  particles 

Figure  3 L.  hertigi  showing  helical  arrangement  of  ribosome- like  particles 

Figure  4 Enzyme  variants  of  glucose  phosphate  isomerase 

Figure  5 Enzyme  variants  of  glucose  phosphate  isomerase 

Figure  6 Effect  of  a single  subcutaneous  dose  of  Pentostam 

on  "L.donovani  s.  1." 

Figure  7 Untreated  "L.  donovani  s.  I."  infection  in  mouse  liver 

Figure  8 Untreoted  "L.donovani  s.  I ."  infection  in  mouse  liver 

showing  debris  of  membranous  structure 


Publications  by  Lewis  and  Peters  (1 977)  and  Lewis  and  Besso  (1 977) 
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List  of  isolates  maintained  in  the  reference  collection 
Key  to  donors 

1 Dr,  A.  A.  Herrer,  Balboa  Heights,  Panama  Canal  Zone 

2 Drs.  R.  Lainson  and  J . J . Shaw,  Belem,  Brazil 

3 Professor  W.  H.  R,  Lumsden,  London  School  of  Hygiene  and  Tropical  Medicine 

4 Professor  A.  ZuckerrrKin,  WHO  InternatiorKil  Reference  Centre  for  Leishmaniasis, 

Jerusalem,  Israel 

5 Hoffman  La  Roche,  Basle,  Switzerland 

6 Professor  F.  Pifano,  Caracas,  Venezuela 

7 Professor  J,  W.  Torrealba,  Valencia,  Venezuela 

8 Dr.  J.  Convit,  Caracas,  Venezuela 

9 Professor  D.  Bradley,  Ross  Institute, London  School  of  Hygiene  and  Tropical  Medicine 

10  Professor  W,  Barbosa,  Goiania,  Brazil 

12  Colonel  B.  C.  Walton,  Balboa  Heights,  Panama  Canal  Zone 

13  Dr.  R,  Neal,  Beckenham,  England 

14  Professor  J.  A.  Rioux,  Montpellier,  France 

15  Professor  W.  Mayrink,  Belo  Horizonte,  Brazil 

16  Liverpool  School  of  Tropical  Medicine 

17  Professor  J . Ranque,  Marseille,  France 

18  Dr.  R.  Zeledon,  San  Jose,  Costa  Rica 

19  Professor  J.  J.  Laarman,  Instltuut  voor  Troplsche  Hygiene,  Amsterdam 

20  Professor  R.  Bray,  Fajara,  The  Gambia 

21  Professor  V.  Saf'janova,  Gameleya  Institute,  Moscow 

22  Dr.  M.  J.  Mutinga,  Nairobi,  Kenya 

23  Professor  M.  La  Placa,  Universita  di  Bologna,  Italy 

24  Dr.  R.  P.  Brazil,  Rio  de  Janeiro,  Brazil 

25  Dr.  R.  E.  Abdalla,  Khartoum,  Sudan 

26  Dr.  M.  Hommel,  Liverpool  School  of  Tropical  Medicine 

27  Dr.  R.  W.  Ashford,  Liverpool  School  of  Tropical  Medicine 

28  Dr.  Radim,  University  of  Teheran,  Iran 

29  Dr.  M.  Sharma,  National  Institute  of  Communicable  Diseases,  New  Delhi,  India 

30  Professor  H.  Muhipfordt,  Bernhard-Nocht  Institut,  Hamburg,  Germany 

31  Dr.  N.  Mansour,  NAMRU-3,  Cairo,  Egypt 

32  Dr.  E.  Tikasingh,  Caribbean  Epidemiology  Centre,  Trinidad 

33  Dr.  Grove,  South  African  Institute  of  Medical  Research,  Johannesburg 

34  Dr.  A.  Lemma,  Addis  Ababa,  Ethiopia 

35  Professor  G.  Piekarski,  Institute  of  Medical  Parasitology,  Bonn,  W.  Germany 

36  Dr.  J.  Baker,  Molteno  Institute,  Cambridge 

37  Professor  P.  C.  C.  Garnham,  Imperial  College  Field  Station,  Ascot,  England 

38  Dr.  P.  Rees,  University  of  l^irobl,  Kenya 

39  Captain  L.  Quigg,  Brooke  Army  Medical  Center,  Texas,  USA 

40  Dr.  J . Dedet,  Institut  Pasteur  d'Algerie,  Algeria. 

41  Dr.  A.  Bryceson,  Hospital  for  Tropical  Diseases,  London 

42  Dr.  D.  Weinman,  Yale  University,  New  Haven,  USA 

43  Dr.  D.  H.  Molyneux,  Liverpool  School  of  Tropical  Medicine 

44  Miss  N.  Lupton,  Liverpool  School  of  Tropical  Medicine 

45  Dr.  A Ebrahimzadeh,  Jondi  Shapur  University,  Iran 

46 

47  Dr.  F.  Sukkar,  Ministry  of  Health,  Baghdad 

48  Dr.  F.  Neva,  National  Institutes  of  Health,  Bethesda,  USA. 


Key  to  abbreviotions  used  in  notes 


A 

amastigotes  available 

CL 

cutaneous  lesion 

DCL 

disseminated  cutaneous  leishmaniasis 

KA 

kala-azar 

LR 

leishmaniasis  recidivans 

LRC 

leishmaniasis  reference  collection  (Jerusa 

MCL 

multiple  cutaneous  lesions 

MUC 

mucocutaneous 

PKDL 

post  kala-azar  dermal  leishmanoid 

SCL 

single  cutaneous  lesion 

V 

visceral 

NS 

normal  skin 

lump 

London  University  Medical  Parasitology 

T 

trypanosome 

J 


LIV  No.  Species  Isolate  Donor  Where  isolated  Source  Notes 
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LV584  L.  broziliensis  LASSIE  Zeledon  (18)  Costa  Rica 

LV585  L.  broziliensis  HSJO-36  Zeledon  (18)  Costa  Rica 

LV586  L.  tropica  Iraq  L.S.T.M.  (16)  Iraq 

LV587  L.  tropica  Maroc  L.S.T.M.  (16)  Morocco 

LV588  L.  tropica  ..audi  L.S.T.M.  (16)  Saudi  Arabia 


ANNEX  II 


A summary  of  the  hosts  and  distribution  of  the  species  of  African  Leishmania 


Host 

Origin 

Notes 

L.  donovani  s. 1 . 

Man 

Sudan 

Including  cutaneous  manifestation 

Man 

Kenya 

Man 

Ethiopia 

Arvicanthus 

Sudan 

Also  Ratus  and  Acomys 

Felis  serval 

Sudan 

Also  Genetta 

Dog 

Senega  1 

P.  orientalis 

Sudan 

P.  martini 

Kenya 

L.  aethiopica 

Man 

Ethiopia 

Including  diffuse  cutaneous 

leishmaniasis 

Man 

Kenya 

Hyrax 

Ethiopia 

Hyrax 

Kenya 

P.  longipes 

Ethiopia 

P.  pedifer 

Kenya 

L.  major 

Man 

Sudan 

Man 

Kenya 

Tatera 

Kenya 

Isolated  from  viscera 

Man 

Ethiopia 

Man 

Senega 1 

Arvicanthus 

Ethiopia 

Isolated  from  viscera 

Arvicanthus 

Senegal 

Isolated  from  viscera 

Xerus 

Kenya 

Isolated  from  viscera 

k:  jP- 

Man 

Namibia 

Cutaneous  infection 

P.  rossi 

Namibia 

-iJPj 

Hyrax 

Namibia 

5) 


FIGURE  1 

L.  b.  braziliensis  in  1 :1 0 di lution  of  homologous  antiserum . 
Note  extensive  matrix  separating  individuol  parasites,  and  small 
membranous  vesicles  possibly  associated  with  distended  flagella. 


X 10,000 


FIGURE  4 

Enzyme  variants  of  glucose  phospliulc  isornerase. 

Order  of  strains  left  to  right:  1)  LV29  L.  oelhiopica 
2)  LV9  L.  donovani  Ethiopia  3)  LV487  L.  sp.  Namibia  P.  rossi 
4)  LV42ii  Namibia  human  5)  LV386  L.  sp.  Nomibia  human 
6)  LV388  L.  sp.  Arvicuntliis  Ethiopia  7)  LV114  "L.  infantum" 
France  8)  lV39  Lr7i^o7“'9)  LV29  1 0)  LV9  11)LV487 
12)LV425  13)  LV386  ■■ 


t 


FIGURE  5 

Enzyme  variants  of  glucose  phosphate  isomerase. 

i 

Order  of  strains  left  to  right;  1 ) LV9  donovani  Ethiopia  I 

2)  LV425  L.  Namibia  human  3)  LVv89  L.  sp.  Namibia  P.  rossi  j 

4)  LV181  L.  Tatera  Kenya  5)  LV114  "L.  infartum"  France  j 

6)  LV405  L.  sp.  France  human  O.S.  7)  LV9  8)  LV425  1 

9)  LV489"l0)  LV181  11)  LVlU  12)  LV405  13)  LV9  I 


I 


FIGURE  6 


Effect  of  a single  subcutaneous  dose  of  Pentostam  (400  mg  base/kg) 
on  "L.  donovani  s.  I."  LV9  infection  in  mouse  liver  showing 
ribosome  diminution. 


FIGURE  7 


Untreated  "L.  donovani  s.  I."  LV9  infection  in  mouse  liver 


FIGURE  8 


Untreated  "L.  donovani  s.  I."  LV9  infection  in  mouse  liver 
showing  debris  of  membranous  structure  within  partly  formed 
parasitophorous  vacuole. 
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The  resistance  of  intracellular  Leishmania  parasites  to 
digestion  by  lysosomal  enzymes 


By  I).  H.  I.KWIS  AM)  W.  I’K  I T.RS* 

Depot tmeiil  of  1‘orosiloloiiy. 

I.ii  erpool  Si  pool  oj  7 ropical  Medu  ine.  Pemhroke  1‘loi  e.  I.irerpool  l.  '.i  .5(^.1 


Receiied  d'J  September  Ht/d 


Orj'anlsins  ol'llu-  thelitis  l.eishmonio  arc  obligate  iiilracclliilar  parasites  ol' \ ertebrate  iiioiio- 
luiclcar  pliagocs  Ics.  I'licy  share  with  stieh  i)ri(atiistiis  as  I oxoplosmo  I’ondii,  '! rypanosomo 
eriizi  aitil  lertain  species  of  iiiyeoltaeteria,  the  ability  ti)  survive  within  a ty|)e  of  cell  noted 
for  its  inierobieidal  |)ropi  rties  (Cohn,  l!l():{).  In  most  eases  the  method  of  survival  involves 
avoidint;  contact  with  host-cell  lysosomal  en/ymes.  However,  the  means  by  which  this  is 
achii'vetl  varies  accordini'  to  the  species  ol'|)arasite.  I oMiptoimo  ooiidii  can  inhibit  Ivsosomal 
I'nsion  with  tin-  parasitophorons  vacuole  ( Jones  and  llirsch,  1(172),  alihoui'b  whether  this 
constitutes  the  soli-  means  of  protection  is  uncertain.  Myrohoileriiini  liihereidosis  can  also 
itihibit  Ksosomal  lusion  (.\rmstron15  aiul  Hart,  lb?!),  althouirh  M.  leproemiiriiim  ixcUivvrs 
immunity  throni'h  a physical  battier  iti  the  I'oriti  ol' a thick  eitselopittif  ea|)sule  (l)ra|)er 
aitd  Rees,  107(1.  I07d).  1 ryponosomo  cruzi  is  able  to  escape  frotti  the  orit-ittal  phairosome 
attd  live  itt  direct  cottt.tct  with  the  cytoplastit  (I’eters.  1074;  Kress  <7  «/..  107.'))  so  avoiditii' 
the  essettti.illy  vacuole-bound  lysosottial  enzytties.  Studies  ol'  /.eii/imonio  in  tttacrophatjes 
(.Mex.utder.  1074;  Lewis.  107,’);  .Me.xattder  attd  \ ickeritiati,  107.'))  ittdicated  that  Ivsosotttal 
I'usioti  with  p.irasito[)horons  vaettoles  takes  place  as  ttorttial.  In  the  present  stndv  we 
eotisider  several  aspects  ol  the  relatiotiship  betweett  Ij’iyhmanin  parasites  attd  host  itiacro- 
phtii'es.  .ttid  their  r<4evatiee  to  the  ititracellular  stirvival  of  the  proto/.oait. 


M.VI  l.Rl.M.S  .\M)  .Mivmons 


Parasite  Strains 

I’roitiastiirote  I'ortits  of  l.ei.dtmoiiio  mexieoim  mexieoiio  (Liverpool  code  ititttiber  L\'4).  /,.  m. 
omozonetisis  (L\’70).  /..  hrozHieosis  hrozHieiixis  (L\'()4)  and  A.  enriettii  (lA'OO)  were  citltitred 
roittinely  itt  Locke's  sohttion  over  httttiatt  or  rabbit  blootl-agar  .\NN  slopes.  The  history 
of  these  strains  was  described  by  ( ihattee  et  at.  ( 1074)  atul  (iardetier  (I07.T).  A.  h.  hraziHensis 
was  adapted  to  i^row  itt  biphasie  cithitre  by  Hotittttel  el  ol.  (107.4).  Cultttres  of  all  these 
or«anisttis  had  lost  the  ability  to  pnKluee  lesions  in  hamsters  or,  in  the  ease  of  A.  eitriellii, 
)i(ttittea  pii^s. 

.Vtitastigote  forttts  of  A.  m.  mexieana  and  A.  m.  omozoiieiisis  were  obtained  frotti  cittaneoits 
lesions  in  the  foot-|)ads  of  hantsters. 

• Rrprint  nt|tn'sis  tii  I’rutrssDr  \V.  I’cirrs,  OeparimenI  of  l’,'>raslt(ili>t<y,  l,iviT|><Hil  St  IuhiI  tif  Tropiial 
Mcilii  me.  IN-iiiltritki*  l.itt-riMiol  1,4  'itj^.X. 

fins  SMirk  was  siippnrti'il  in  part  In  a Ri-stari  It  I raitiiiiit;  St  hnlarship  rriitil  the  Mfilital  Risi  arrll  Cininril 
III  I)  H l.fuisantl  In  liranl  iniinln  r l).\  l,R(>  174  74  t iOOl'l  (riiin  tin-  I'.S.  .knits  Rfsfaii  li  and  Di-vtlop- 
inriii  ( iiiiiiinanil  iliriMii;h  ilif  l.nrnpian  Rfsiari  It  ( )llii  f.  \\r  alsn  uratflnlly  at  ktiins 4ftli;f  linani  iai  assistams- 
Iriiiii  ihf  Disisiiiii  III  Malaria  ami  Rarasiiit  Dist-ast's.  Wnrlil  Hi-allh  t Irtiani/atitin. 


RKSISTANt:!-;  OF  LlilSIlMAMA  TO  I.VS( )SOM,\I.  KN/AMKS 


2‘)(i 

Isolation  and  Maintenance  of  Macrophages 

IVritoncal  oxudalcs  were  collected  from  I'FW  ombred,  or  C.j?  Iilaek  itilired  mice,  by 
standard  procedures.  Donor  animals  used  as  sourees  of  normal  macrophages  were  either 
untreated,  or  had  been  inoculated  intraperitoneally  with  3 ml  of  2",,  rice  starch  before 
isolating  the  eells  ('induced'  maerophages).  Ciells  were  cultured  in  Leighton  tubes  or 
aOtt  ml  tissue-culture  llasks  (for  electron  microscopy),  using  tissue-culture  medium  lb!) 
with  20"„  foetal  bovine  serum,  Inilfered  with  HKl’LS.  Non  glass-adherent  peritoneal 
exudate  factors  were  removed  by  rinsing  beliire  introducing  parasites  if  tlie  experimental 
design  so  ilemandetl. 

Activation  of  Macrophages 

Maerophages  were  acllvatetl  either  in  ritii  before  isolation,  or  in  lilni,  alter  the  cultures 
were  established,  for  activation  in  lirn.  donor  mice  were  inoculated  intraperitoneally  with 
(l  a ml  of  emulsion  made  from  etpiiil  proportions  of  Freund's  coTn|)lete  adjuvant  and  a 
Ivsate  of  ni.  mexicnnn  promastigoies.  repeated  after  seven  tlays.  .Macrophages  were 
harvestetl  three  days  after  the  second  inoculation,  using  he])arin  in  the  lavage  medium 
to  redtiee  clumping.  File  suspension  of  cells  so  obtained  was  centrifuged  at  IMKIt)  g litr 
live  minutes  in  iee-cold  centrifuge  tubes  so  that  the  oily  adjuvant  residues  could  be 
as|)irated  from  the  top  of  the  supernatant.  Cells  were  resuspended  in  fresh  medium  atid 
tlispensed  itito  the  culture  vessels. 

.Maeroph.iges  were  activated  in  lilrn  by  lymphocyte-derived  factors  (lym|)hokines: 
Dumonde  el  nl..  Ibbb)  producetl  by  a teclmic|ue  derived  from  those  of  Nath  el  at.  (Ib73) 
and  .Mattel  and  llehin  (in  preparation).  .Macrophages  were  collected  from  mice  given 
11.3  ml  Freund's  complete  atijiivant  intraperitoneally  six  days  previously.  'File  spleens  were 
removed  aseptically  from  the  same  mice,  homogenized  in  culture  medium.  ;md  the  homo- 
genate stored  at  4 C iiiitil  ready  fitr  use.  Fite  macrophages  were  ciiltiired  as  noriiiiil.  and 
12  hours  after  introducing  the  parasites,  syngeneic  lymphocytes  were  added  in  the  pro- 
portion of  three  to  live  per  maerophage.  I'lie  plant  mitogen  C loneatiavaliii  .\  was  then  added 
to  give  a linal  concentration  of  7 pg  ml.  In  cotitrols  either  the  lyniithocyles  or  the  ( kmcana- 
Vitlln  \ were  omitted,  and  both  tyjies  of  control  were  iticorporated  with  each  exjteriiiient. 

both  technic|ues  induceil  beliaviounil  ;md  morphological  changes  commensurate  in  all 
respects  with  the  process  of  activation  described  by  .Mtiekiiness  (lb7ll),  Nathan.  Karnovsky 
and  Diivid  (11171).  Nath.  I’oulter  ;iiul  Furk  (1473)  and  Niithtm,  Remold  ;iiul  David  (1973). 

Infection  of  Macrophages 

Leishmanin  orgiinisms,  in  either  the  promastigote  or  aniastigote  fortii.  were  added  to  the 
tissue  cultitres  in  the  jtroportion  three  to  live  ]);irasites  jier  macrophage.  In  most  cases 
subsec|ueiit  incubation  was  at  31-32  ('■  but  cultures  containing  /,.  m.  amazoncnsis  and  /..  h. 
hrnziliensis  were  also  incubated  at  3(i  37  (k 

Preparation  for  the  Light  Microscope 

(lover  slips  were  ftxed  in  siln  with  Zenker's  solution  plus  acetic  acid,  and  stained  with 
,3",,  (iiemsa  stain.  'Fhe  progress  of  infcctitin  in  the  marro|)hage  ])o))tilations  was  assessed 
by  examining  24  or  4fi  hour  samples,  taking  three  replictites  per  Ireatnient.  Fhe  levels 
of  infection  were  Cjiiantilied  in  terms  of  the  proportion  and  actual  number  of  cells  infected, 
together  svith  the  mean  numbers  of  parasites  per  infected  cell.  I'liis  was  tlerived  irom  studies 
of  211  fields  (x  100(1  magnification)  randomly  distributed  across  the  length  of  each  cover 
slip. 

Preparation  for  the  Electron  Microscope 

Macrophages  were  cultured  in  .300  ml  'Flow'  tissue  culture  bottles,  and  fixed  in  siln  by  a 
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iiu'lhocl  similar  to  tli.il  of  Ilirsrii  and  |■’c•dol'ko  (1‘Mil!).  1 ixcil  <(  lls  were  s(  r.i,)i  (l  oil  the 
siirlarc  ol  llir  ijlass  vessel  iisiiii;  a ■riil)l)er  polieeiii.m'  and  enmi’slied  in  a (il)t'in  i lot  to 
laeililale  handlini;  (I.ewis.  Id7l).  I- r.njinenis  ol  iliesi-  clots  were  deliMlr.ited  in  ati  etiianol 
series,  einheddetl  iti  TAAU  epoxy  risin  and  sectioned  in  ati  I.KIt  nitratoine  MKIII. 
•Seetiotis  were  stained  in  nr.inxl  .teet.ite  and  (except  (iir  en/ytne  liistoelienn-.tr\  | le.id 
citrate,  .iiitl  examined  iti  ,iti  Aid  l.Mt>l$  eleetroti  tnieroseoi>e. 

Labelling  of  Secondary  Lysosomes 

This  teelinitpte  w,ts  prim  ip,illv  tli.it  ileseribed  by  Artnstrotig  .md  ll.irt  (lb?!)  .mil  snb- 
seipiently  a|)|)lied  to  jiroto/.o.in  inti .i<  i llnl.ir  p.ir.isites  b\  |ones  <1  nl.  (I’t7'2).  Two  diirerent 
l.ibels  were  tised  in  this  study,  (a!  ( iolloid.d  tliotintn  h\ilroxide:  av.iil.ible  Irom  r.\.\|{ 
I..d>oratories  I.td..  this  was  prep.ired  .is  ,i  d i",,  w v stock  eolloid.il  suspension  in  I aeetie 
.leid.  ( .nltitres  com. lining  l(MI  ml  ol  meiliimi  were  ire.iteil  w ith  tt*!>  m]  |||,.  stock  snspen- 
sion  ami  inenbated  at  dti  a7  lor  hint  hours,  (b)  Saeeh.it.ited  iron  oxide:  .ibo  asail.ible 
Irotii  I .\.\|{  I.,ibor.itories  Ltd.,  .dreadv  in  eolloid.il  snspensioii.  ( ailtnres  were  im  nbated 
with  the  colloid  at  .i  eotieeiiti .ition  ol  d",,  \ v,  liir  li\e  hours  at  dti  d7  (7 

.\t  the  end  ol  the  labelling  period  nionol.iyers'  were  thoroiighly  ritised.  the  niediinn 
reneweil,  atid  the  eiiltnres  were  lelt  for  two  to  three  hours  .it  dh  !i7  (i  to  .dlow  eotnplete 
Intern. di/.atlon  ol  the  eleetroti  dense  p.irlieles.  ! .cishnidiiiii  organisms  were  then  .idded  in 
the  usual  way. 

Histochemical  Localization  of  Acid  Phosphatase 

Inleeti'd  ni.ieroph.iges  were  prepared  Tor  i leetron  tiiieroseopie.d  lo/.ili/. ition  of  acid  phos- 
phat.ise  .ieti\ily  b\  the  method  ol  tiohn  ft  <il.  (I’Mifi).  llowe\er  the  l(iininl.. nil  of  the 
iiieulialioii  tiiediimi  w.is  .leeording  to  the  revised  ( iomori  tei  hniipie.  .liter  If. irk. i and 
.\nderson  {Ibli2). 

Ri.sri.is 

Infection  of  Normal  Mouse  Peritoneal  Macrophages  by  Leishmania  Amastigotes 

When  am.isiigote  rorms  ol  /..  in.  me\iuiiiii  or  /..  m.  <imii'imni.\i.\  were  isolated  Irom  a h.inisler 
ent.meoiis  lesioti  atid  used  to  iiiU'et  enltnres  ol'  indiieed  tnonse  jieritotieal  maerophages. 
tiiost  ol  the  p.ir.isites  were  ph.igoev  tosed  within  12  to  21  hours.  The  tiiajority  of  the  ititra- 
eelhil.ir  p.ir.isites  were  alre.idy  smromided  by  a reeogiii/able  'halo'  represeiititig  the 
interior  ol  the  phagosotne  p.irasitophorons  vacuole.  I his  v.u  nole  enlarged  eoiisiderably 
oxer  the  ensuing  24  4!t  hours  (Lig.  1)  and  the  intraeelhil.ir  parasites  iniilliplled.  .Alter  a 
time  iwhieh  x.iried  aeeording  to  the  eotidition  ol  the  enltnres.  generalK'  within  six  days) 
tnost  maerophages  appeared  p.ieked  with  p.ir.isites.  M.iny  cells  were  eaiised  to  |\se, 
rele.ising  their  parasites  which  then  reitiv.idetl  other  cells,  riierefore  Irotii  this  poitit 
onw.irds,  the  tnnnber  of  cells  .itt.n  hed  to  the  eox  er  slips  often  decreased. 

Infection  of  Normal  Mouse  Peritoneal  Macrophages  by  Leishmania 
Promastigotes  from  Culture 

Iti  eontrast  to  experitnents  using  amastigote  itioenla.  results  with  protnastigote  inoeiila 
dillered  aeeorditig  to  the  spec  ies  >4'  l,ri.\hniiiiiiii.  Iti  all  eases,  howexi-r.  the  proportion  of  the 
inoeiihitti  that  itifeeted  tn.ierophages  was  smaller  thati  when  amastigotes  were  tised.  and 
infections  devciopc'd  more  slowiv. 

.After  inv.isioti  of  the  niaero|>hage,  the  behaviour  of  the  (larasites  a|)|)eared  similar  to 
that  described  by  .\kiyatna  :md  I laight  (lb7l ).  Tims  there  was  evidence  that  a considerable 
proportion  of  the  recently  endoeytose  1 promastigotes  was  damaged.  This  li'atiire  was 
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Fig.  I.  I .ii'hl  tiiKTo^rapli  ot  ii)r>ust‘  |>«*rit(tnr.tl  iiia('rnpha\;(''>  intr<  led  widi  lr>ioii*(l(Ti\  t'd 

•ttna>tti(otr  lorniN  ol  /,.  m.  mfxhtina.  I hr  pr<*paralion  was  h\«*<l  tmir  ilaN'^  altt'i  itiirtHlurin^  tht*  para>it(‘>. 
I’aiasiirs  arrn\\r<l  an*  >ilnat«*(l  wilhiii  t;rrail\  <listrinh‘fl  \arn<»lrs  v 7lM)  . 

Fig.  2.  I .i^hi  TUKToi^raph  <>t  itidiK  rd  nioust'  pri  iicnral  rnarro))liau('s  also  roniainins  ldiir-<ia\  Mihi 

itilri  lions  ol  /..  rn.  tnexiuinti.  hill  ihis  tnnr  di*ri\rd  Irotn  rniluird  protnasin'oii*  iortns.  NoK*  iIk*  ahsi'iHi'  ol 
laiyr  \a(  uotrs  and  thr  nioir  normal  spiixilr-shapi'  ol  ihr  i rll  ( x *NNI  . 

Fig.  3.  1 .1^1)1  mil  roijraph  ol  an  indiirixl  inoiisr  prritoni'al  m.u  lopliaui'  afiri  J4  Ixnirs*  asMM  iation  uilh 

pioinasiniotr  l«»rms  of  /..  tn.  rnf\htwij.  Mosi  jif  ihr  inirai  rlliitar  parasiirs  ha\r  loimdrd  up  and  Iwcoinr 

atnaslii^otrdikr  arrovsrd  x IMIM)  . 

Fig.  4.  I.tiihi  mi(Tof{raph  of  an  indnrrd  moiisr  pnitonral  tnariophaur  aliri  J4  hours*  assoiiaiion  wiih 
proniastti{oti'  lonns  of  /..  m.  amitzon  7no.  Noir  thr  inorr  rioimati*  nalurr  ol  ihr  inlrai  rtiuhir  parasiit^  larrout'd 
indiraiini;  ihr  in<  iitnplrtr  traiislormation  U pir  al  of  riiltiiird  forms  of  this  vpri  irs  ( x IIUMI  . 
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iiioif  pi'onoiinci’d  in  cnitmvs  inoi'ulatt'd  witli  1..  m.  ama^iiiieitsii  than  in  tliosn  inocnlalcd 
with  /..  m.  iiie.\iaiiiii.  Also,  early  inleelions  of/,,  m.  <itiuKi'neniis  sliowed  |)arasiles  of  a more 
elongate  shape  tliati  /..  m.  mexitana  inleetions  of  similar  age  (I'  i.gs.  '.i  and  4),  suggesting  that 
transformatioti  was  ineomplete.  In  neither  ease  was  there  visi'ole  (w  ith  the  light  itiieroseope) 
evidenee  of  pronoimeed  vaenole  development  around  indivithial  parasites.  Clear  'hiiloes' 
heeame  signilieant  otily  amongst  two  to  three  day  old  inleetions,  and  they  never  reached 
anything  approaching  the  size  of  the  vacuoles  assoeitited  with  infections  of  lesion-ilerived 
amastigotes  (I'igs.  I iinil  2). 

.\fter  24  to  41!  hours,  infections  of  /..  iii.  mexicana  tlevelopetl  dilferently  from  those  of 
/..  m.  iinui-mteiisis.  With  /..  m.  mexiiana  the  [troportion  of  iipparently  daniiigetl  intraitdlul.ir 
parasites  declined,  and  the  nutiihers  of  what  appeared  to  he  intracellular  atnastigotes 
graduiilly  iiierea'‘'il.  It  was  dillieull  to  ascertain  what  proportion  of  this  increase  w;ts  due 
to  muhi|)lieation  of  intracellular  parasites,  and  w'.tat  was  due  to  continued  inviisiou  hy 
Iree  promast igotes.  liven  thorough  rinsitig  failed  to  remove  extracellular  promastigotes 
that  were  attached  to  cells.  Dividing  forms,  in  the  shape  of  stumpy-to-rounded  promasti- 
gotes, were  seen  both  inside  and  outside  cells  (I'ig.  1 I ).  From  day  4 onwards  the  cultures 
followetl  a similar  course  to  those  inoculated  with  lesion-derived  atnastigotes. 

Infections  of  A.  m.  tiiiuK'Hiriisis  did  not  usually  ineretise,  and  the  p;'0|)ortion  ofdamtiged 
intraeelluhtr  |)iirasites  remained  similar  to  that  which  w;is  evident  during  the  first  24  hours. 
Whilst  extrae(4lulitr  ptirasites  tlividi-tl  and  maintained  full  motility  at  47  intracellular 
parasites  appeared  tiot  to  survive.  Redueing  the  tem|)erature  of  incubation  to  42  C.  (that 
used  for  /..  m.  mexicaun  cultures)  made  no  dilferenee  to  this  situation.  ( iulturetl  promastigote 
lorms  ol  A.  h.  hrazilif’isis  anti  A.  eiiriellii  bc4iavetl  in  a situil.ir  tnanner  to  /,.  iti.  (iiiiii'niiaixif 
tifter  ingestion  by  normal  macrophages.  These  species  also  retainetl  tin  elongate  eon- 
liguration  within  the  macrophages,  snggestitig  either  thtil  thev  f.iiletl  to  irtmsliirm.  or  thtit 
they  were  tligested  before  transformation  could  occur. 
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Menu  numbers  of  I.,  m.  mexietina  nmn.ili!;tiles  per  iiiletleil  mnern- 
phn^e,  in  eullures  nj  nnrnial  and  a.liraled  matruphniies.  ( allures  were 
washed  hejore  injeelinn  (data  Jrnm  the  experiment  alsn  irpiexenled  hy 
l-'ii;,  5) 
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Effect  of  Macrophage  Activation  on  Leishmattia  infection 

The  elfeets  of  mat  rophage  activation  on  intracellular  Iwlshmania  varietl  tieeortling  to  the 
fiethotl  anti  time  of  activation  anti  tilso  the  morphological  form  of  the  infecting  ptirasites. 
Fig.  .4  illustrates  a typical  result  ohtainetl  when  |)opulations  were  aetivatetl  in  tirn,  anil  the 
subsetpient  eultiires  rinsetl  prior  to  infection  with  promastigote  forms  of  /,.  m.  mexieann. 
.Mter  24  hours'  assoeiation  the  level  of  infection  of  ;it  tiv;itetl  niiierophage  pojnilatiotis  was 
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si^iiiruantly  less  ihan  tliat  of  normal  inaeropliage  po|>ulations,  both  in  terms  of  the  pro- 
portion total  nntnher  of  eells  inl'eetetl,  anti  also  the  mean  mimher  of  amastigotes  per 
inleeteil  cell  Clahle  1).  However,  snhsetpient  samitles  showed  a ])rogressive  retluetion  in 
this  diHerenee  sneh  that,  alter  two  to  three  days,  infections  of  normal  and  activated 
macrophage  populations  were  similar,  'I'he  tlilference  between  infections  of  control  anti 
activatetl  populations  was  less  when  the  former  were  represented  by  intluced  macro|)liage 
populations  than  when  non-indueetl  cells  were  used  (I'ig.  <>).  If  activatetl  macrophage 
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Fig,  5.  (irapli  ril>iiiv;  tin*  (iC  intcctiiti)  in  pnj^nlahons  ol  nornial 

• <«»ntrols  ami  at  iiNaU'd  i«*sK  inacmphavrH  ass(Kia(r<l  wiih  ]>it)inastiu«»ie'  Inrnis 
(if  /,.  tn.  mfxutuu!  over  a ptTHHl  nf  lour  <la\^.  Ka(  li  pnint  r«*prfs(‘nis  tiu*  tm'an 
\alii<'  fnirii  tfircc  r<“pJi<  I Ik*  fhiri  \<Tn(al  furs  imlii  atr  llir  raniji'.  anil  lln' 

cinck  MTtkal  l>ars  rcpn*^<*ni  tlic  siamlard  rrror. 
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Mean  numbers  of  1,.  ni.  mexicaiia  amaslii;oles  per  infecleil  cel!  in 
enltures  of  induced  and  actiraled  mai  riipha«es.  The  culliires  it  ere  ind 
washed  {data  from  the  experiment  also  represented  hr  Fio,  6) 


lime  of  awociaiion 

(.'ultiae 

One  day 

7 u o days 

7 htee  dayc 

3f 

■•■2 

liKlucrd 

3'(> 

4-7 

9'(f 

mat  ropfia^t's 

2-7 

H-H 

A 3-2 

.f  .‘i  l 

>- 74i 

3-7 

2-9 

4-:) 

At  livairtl 

2** 

41 

4-7 

inacrt>phat?t‘s 

2r> 

3*.’> 

'.■* 

.V  31) 

{ 3-.S 

V \ H 

jjliagocylic'  al)ility  of  normal  and  activated  macrophages  was  compared  in  terms  of  the 
nimiher  of  fixed  sheep  red  blood  cells  endoeytosed  over  a standard  period  of  association. 
Both  types  of  macrophage  endoeytosed  similar  numbers  of  erythrocytes  during  24  hours, 
and  there  was  no  evidence  to  suggest  that  the  reduced  level  of  infection  in  activated 
macrophages  was  attributable  to  a modification  of  the  ability  to  phagoeytose. 

When  hamster  lesion-derived  amtistigote  forms  of  /..  m.  mexicana  were  used  to  infect 
the  macrophage  cultures  there  was  rarely  any  appreciable  difference  between  the  levels 
of  infection  of  activated  and  control  populations.  Fig.  7 and  Table  3 represent  the  results 
of  an  experiment  designed  to  compare  the  effect  of  macrophage  activation  when  either  a 
promastigote  or  an  amastigote  inoculum  of/,,  m.  mexicana  was  em])loyed.  Whilst  infections 
produced  by  promastigotes  were  significantly  reduced  in  unwashed  preparations  of 
activated  macrophages,  such  was  not  the  case  when  the  infection  was  produced  by  amasti- 
gote forms.  'These  experiments  were  repeated  at  least  three  times. 
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Fig.  7.  Ilisiottrains  thr  ('4>niparati\r  rtTrt  is  of  tiiai ropiiat^r  a(  tt\ati<>ii  oti  intW  lions  <lrri\rxi 

from  pmmAsti^oir  an<f  amaMiu«>t<*  forms  of  /..  w.  mexicana.  (’  rontrol  normal  mac  rophai^fs;  S at  livatrd 
tnacrophaters;  Arn's  ama-siinolr  infH'iila;  Prom’s  promasiiijoir  incH'ula.  Siipplr.l  arras  efrnotr  ramjr  am) 
thick  Nrrtiial  hars  rrprrs«*nt  tfir  s(an<ianl  rm)r. 
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Mfait  mnnhers  of  amastijJotes  per  infected  macrophage.  Data  taken  from 
an  e\perimrnt  to  compare  the  effects  of  activation  on  infections  derived 
from  amastigote  and  promastigote  forms  of  L.  m.  mcxicaiiii  (data 
from  the  experiment  also  represented  hr  Fig.  7) 
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Whi-n  macrophage  monolayers  were  aelivaled  in  vitro  alter  infection.  dilVerent  results 
were  obtained.  In  such  cases  activation  of  macrophage  populations  hatl  tio  recogni/ahle 
elfeet  on  the  level  of  infection  compared  with  popitlations  of  normal  cells,  irrespective  ol 
the  fortn  in  which  the  parasite  was  first  introditced.  By  this  method  the  cells  only  attained 
an  appreciable  level  of  activation  at  least  three  days  after  the  first  parasites  were  endo- 
cytosed.  During  this  period,  the  majority  of  promastigotes  completeti  transformation  to 
the  atnastigote  form. 

.Kclivation  in  vitro  proditced  no  recognizable  change  in  the  letcls  of  infection  achicveil 
by  those  speeies  of  Leishmania  protnastigote  that  survived  ptmrly  iti  normtil  maerophages. 
rims  ittfectiotis  derived  frotn  ]jrotnastigole  foritis  of/.,  enricttii.  /,.  h.  hragitiensis  anti  /..  m. 
amagonensis  remained  smttll.  with  a high  [)roporlion  of  damaged  [taraxitcs  in  both  activated 
atid  nortnal  cells.  It  is,  however,  po.ssible  that  ati  etihanced  lytic  ability  in  activated  cells 
tnight  have  beeti  balanced  by  jtroportiotiately  enhanced  phagocytosis  office  es. 

Ultrastructural  Observations 

I’reparations  of  normal  macrophage  cultures  fixed  4)!  hours  after  introducing  /..  m. 
mexicana  proma.stigoles  showed  intracelbtlar  parasites  in  varying  stages  of  transformation 
and  degeneration  when  viewed  with  the  electron  microscope.  Many  of  these  different 
stages  were  often  represented  within  single  cells  (Fig.  B).  .\ll  the  intracellular  parasites 
were  surroiiiKled  by  a membrane,  presumably  derived  from  the  macrophage  cell  mem- 
brane, which  tlefincti  the  parasitophorons  vacuole  (Figs.  !l.  1(1.  II).  F'rom  consideration 
of  the  stage  in  the  transformation  of  the  parasite  and  the  time  elaitsed  between  inoculation 
and  fixation,  it  seemed  that  recently  phagocytosed  parasites  were  closely  surrounded  by 
the  phagosomal  membrane  (Fig.  b).  Older  infi'ctions  typically  showed  distension  of  the 
parasitophorons  vacuole  so  that  the  phagosomal  membrane  was  widely  separated  from 
the  parasite  for  most  of  its  area  (Figs.  12.  14).  I'his  distension  was  caused  by  accumulation 
of  fluid  around  the  parasite,  and  the  source  of  the  fhiid  w ill  be  discussed.  Fhere  was  no 
apparent  correlation  iK-tween  the  size  of  the  (tarasitophoroiis  vacitole  and  the  viability  of 
the  contained  parasite.  .Many  of  the  intracellular  Imhnw.ia  showed  morphological 
eviilence  of  active  secretion  from  their  fl.igell.ir  (mm  kets,  it;  iite  fortti  of  sttt.ill  vestries  which 
corres|)onded  with  similar  vesicles  found  free  in  the  ImhIv  of  the  v.ictiole  (Fig.  Id). 
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Similar  prcparalioiis  of  ciiltuivs  iiKH'iilatcd  willi  amastii;i>li'  l<•llll'>  mainly  n-\i-al<il 
para.siloplioroii.s  vaniolcs  ol'ilic  mnit"  ilisicmird  l>pi'.  X'iili  ll■^^  lAidrim-  nl  .1  prc-di'ii-n'inii 
Maijf.  .\l  ni>  timr  was  any  cvidciu'c  i>l>laini'd  (nndi'r  ilir  londninns  •«!  Iivalimi  and  'l.iininu 
dial  we  i-mplnvi'd)  of  parasilcs  in  dirocl  nmlari  wiih  linsi  l UnpIaMn.  nr  nl' .in\  Miilaci- 
mat  snrrnnndini;  dir  parasites  llial  mi^lil  srr\r  as  a pliysiial  liarrirr  In  dinrstisr  i-n/wnrs. 

Lysosomal  Interactions 

Until  tvprs  nl  rnllnidal  lalirl  were  rrailily  rndiHAlnM  il  1)\  m.n  rnpliaurN,  and  rniild  siili- 
srtpirntly  lie  drmnnstraird  within  \ainnlrs  ni.i  wide  si/r  i.initr.  Ilnui  vi-i  tin-  disli ilinlinti 
nf  the  lalirls  relative  In  iniraeellnlar  l^ishnuiHui  saried  a. 'nrdiin;  In  H|k-.  In  nnrmal 
maernplia^es  lalielled  with  saeeliaraled  imn  nside.  and  m lei  ted  witli  eiilier  amasiit’nie  nr 
lirnmasiisnte  rnriiis  nl' /..  m.  mixiiaiia,  the  mainriiy  nl  p.iiasilnplinmns  \ai  nn|es  eninained 
enllnid.il  parlieles  and  were  elnsely  snrrnimded  liy  lalielleil  seeniidaiA  Ksnsnmes.  Snine  nl 
these  were  nl'len  li.M'd  dnrini'  llie  aelnal  jirmess  nf  I'nsinn  with  the  paiasilnplmmiis  \aennle 
(I’it;.  11).  IVeparalinns  nl' similar  enlinres  lalielled  with  llinrinni  liydmxide  aUn  slinweil 
parasilnplinrnns  vaetinles  snrrnnnderl  liy  lalielled  \eennd.n\  KsnsnmiA  d ii;.  '•).  Many  n| 
these  parasilnplinrnns  vaeiinles  themselves  enntained  lain  ! I lu;.  Ill),  Inn  this  u.is  seen  lesv 
I'retpienlly  than  in  eells  lalielled  with  saeeliaraled  irnti  ' ide. 

Irrespeelive  nf  the  l\pe  nl  lahel.  there  was  little  innel.ilinii  lielween  the  pri'enee  n| 
enllnidal  parlieles  within  a parasilnplinrnns  v.iennie.  and  the  apparent  vialiililv  nl  the 
enelnsed  parasite.  It  appearetl  that  Itisinn  nl  seenndary  Ivsnsmiies  with  par.isitnphnrni.s 
vaeiinles  was  indiseriniin.ite.  In  view  nl  the  laei  that  an  nitrathiii  seetinti  nnly  samples  a 
sniall  pnrliiin  nj' llie  para.sijophnrnns  vaeiinle  the  ineidenee  nf  laliellilij;  was  Ini'll  enniiKh 
tn  assume  that  all  such  vaeiinles  enalesee  with  seeniulary  Ksnsnmes. 


Acid  Phosphatase  Activity 

.\cid  phnsjihalase  activity  within  the  parasilnphorniis  vaeiinles  nl  imrinal  maernphat’es 
inlecled  with  prnmaslii'nle  rnrnis  nl'/..  m.  nir\itaiia.  apjieared  tn  lie  Inw.  Lead  plinsphale 
depnsitinii  was  eniilined  In  the  periphery  nl'tlie  vaeiinles,  even  ihnnt'h  the  parasites  them- 
selves shnwed  Ineali/alinns  nf  acid  phnsphalase  activity  (hiu;.  LI)  particularly  in  the 
llagell.ir  pnckel.  I'lms  it  was  evident  that  tin-  reaclinii  mixlnri-  was  peneiralinR  the  vacnnie 
adetpialelv.  .Aninsnmal  vaeiinles  in  nnn-itili’Clcd  cells,  <111  the  nihcr  hand,  shnwed  dense 
leatl  depnsilinn  distrihnted  thrniii'hnnl  their  interinrs  (l  ii;.  I I),  si^nilyiiiK  that  the  distri- 
linlinn  :y|iical  nf  p.irasiie-cniiiaiiiitii'  phai;nMitnes  was  tint  artel'acl.  The  amnnni  nl  lead 
deiinsii  did  tint  increase  with  the  vnltime  nl'  the  parasitnplinrnns  vacnnie,  and  was  niaxini.il 
lieliire  llnid  dislensinn  ncenrred. 

Effects  of  Macrophage  Activation  on  Lysosomal  Activity 

I'.lecirnn  micrnscnpe  nliservatinn  nf  aetivaterl  macrnphai'es  lalielled  with  eleclrnn  dense 
particles  revealed  nnly  (pianlilalive  chani'es  in  the  lysnsnni.il  respnnse  In  iniraeelhil.ir 
/,.  tn.  mexicanti  nri'aiiisnis.  It  pmvetl  dillieiill  In  ch.ir.icleri/e  such  changes  stalistii  ally  due  tn 


Fi,.  8.  !.lf<  in»n  mn  nnjra;>!i  «»r  an  m uixr  tnainiphaijr  alirr 

hours’  .iss  H iahoii  with  /..  tn.  tn-xn/ini  |)ro;iiasiii»oif  I'orins.  \ siimh*  }>ar.isHo|»horoiis  saiii  >U-. 
(Irtitird  h\  ihr  phayosoni.il  inrinlir.ini*  l’.\l  c«*Mlams  par.isiiis  I*  in  \anons 

Maurs  ol'  Ir.inslorniiili  m.  I Im'  inaiTopli.i^r  nin  1»  iis  N lit  s l.»  ont  snh-  ^ MtMMJ  . 

Fijj.  9.  I 1«  •(  Iron  ini<  rourapi)  o(  ii  rf(fnil>  cndiKMosrd  wlinh  li.ts  ricarlv 

(oinplrtrd  iraTisrorinalitiii  lo  iht*  ainasii^ou-  lorin.  I lit-  phau'^soinal  ntfinliranc  l’\l 
( losciv  Mirnmnds  ihc  parasite  I*  . SecondatN  Ksostnni  s eoni.itnitm  partules  «*l  dioriitin 
hydroxide  snrroiiiid  the  jiarasitophoroiis  vaiiiole.  ( )dier  le.ihires  ii'ilnde  the  kineli>plasl 
K . nu(  leiis  \ and  ll.mellar  [locket  (x  JOUD)  . 


Fi,.  10.  l-.ltMirnn  niK  rotft.iiih  .in  inir.tt  < llnl.ir  / 

in  thr  paraNiloplionMiN  v.iiiiolt*  l*\  piMti.iliK  <>tiuin.it< 
M-sirlrs  arc  \imI»Ic  ai  the  liaM-  <«(  ihr  ll.ie'  ll.ii  (NMkfi  .itcl  in 
y LMM«K»  . 

FiR.  11.  I.lciirnn  ntii  r<»vt>Mih  «•(  .1  ni.*«  I.iIm  lli-i 

intc<  led  with  /..  tn.  tnrxhiitni  iironiaoiivn.ti’  l<>rni%  . .tU-ltcd 
|>ara>it<>phor<>H>  satiiolc  \ Ks4»Mitnc  has  fK»  ti  fiv*.|  m iJ»r  prir 
Particles  ot  lalK’l  miikiimkI  iIic  p.iiaMtcs.  onr  >>l  whiih  is  i|i 
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llu-  i;icat  variiUKo  in  tlio  aiiiount  ol’lalx’l  taken  np  liy  indiviclual  celis.  Activated  niiteropli- 
at'es  t<«)k  np  niore  label  than  normal  macrophages  and  a larger  jtroportion  orj)arasitoj>horons 
vacuoles  contained  the  label.  Surprisingly  the  incidence  of  damaged  panisites  apitearetl 
similar  in  activated  atid  normal  macrophage  po]nilations. 

J)l.SC:l'SSl().\ 

Leishmania  in  Normal  Macrophages 

I here  was  a considerable  dill'erence  between  macrophage  infections  derived  from  endo- 
cuosed  ]tromastigotes  and  tho.se  from  endocytosed  atnastigotes.  This  was  particularlv 
eviilent  with  regard  to  the  size  of  the  parasitophoroiis  vacuole,  which  enlarged  vert'  ra|>idly 
around  amastigote  (orms,  but  took  several  days  to  enlarge  progressively  around  intra- 
cellular parasites  derived  from  |)romastigote  'invaders'.  I'herefore  under  the  conditions 
of  the  present  study  the  size  of  the  parasitophoroiis  vacuole  probably  rellected  the  stage 
in  transformation  of  the  parasite  towards  the  amastigote  form,  .\kiyaina  aiul  I laight  ( l'(7 1 ) 
ami  .\kiyatna  and  .NlcQuillen  {l<)72)  observed  that  only  moribund  forms  <if /..  (hiiKiraiii 
were  associated  with  large  para.sito|jhorou.s  vacuoles.  In  our  ex|)erience  the  opposite  was 
true,  and  only  the  most  viable  iid'eetions  were  associatetl  with  large  vacuoles  both  in  iilin 
and  ill  l iin  (unpublished  obsercations).  This  discrepancy  may  be  related  to  tiu'  observations 
o|' I'rothingham  and  Lehtimaki  (1!)()7)  and  (iardener  (11)74)  who  describe  disiim  t species 
dilferences  in  the  size  of  the  |)arasitophorous  vacuole.  Our  own  observations  imiicale  that 
the  main  factor  alfecting  survival  of  endocytosed  promastigoles  is  their  ability  to  transform. 
Thus  lesion-deriv cd  iuna.siigttlc  llsrm.s  oi'  J..  m.  nmn z'meii'-is  survived  well  within  nornnil 
tnacrophtiges,  while  proniiistigotes  from  culinre  did  tiot.  Iti  cotntnon  with  promastigotes 
of  /,.  eiiriellii  atid  /..  h.  hnizitieiisis.  /..  iii.  tiiiiaz»iieiisi.s  failed  to  transform  with  the  same 
facility  as  /..  m.  mexunim.  There  is  some  evidence  (Lewis,  11)7(1)  that  the  speed  of  trans- 
formation from  promastigote  to  amastigote  is  closely  related  to  the  degree  of  virulence,  as 
measured  by  the  ability  to  produce  lesions  in  hamsters.  This  \ iew  gains  support  from  the 
concept  of  parasite  'competence',  first  outlin -d  by  .Steinert  (ID.nfi)  anti  subsetpiently  dis- 
cussed by  Deane  anti  Kirchner  (IDfkf).  and  Trager  (IDGh).  .\ll  the  culturetl  l.eiihiiioiiiii 
species  used  in  this  study  failed  to  protluce  lesions  after  subcutaneous  inoculation  into 
hamsters,  but  we  have  noticed  that  with  time  /,.  tii.  mexiiaim  loses  its  virulence  in  culture 
fill'  less  rapidly  ihtin  /..  m.  amazmiensis. 

Leishmania  in  ‘Activated’  Macrophages 

The  treatments  used  in  this  study,  and  the  changes  they  prodticed,  left  little  doubt  that  a 
f significant  measure  of  activation  was  achieved.  However,  we  have  so  far  been  unable  to 

incorporate  controls  of  a type  that  would  enable  us  to  compare  Ihe  degree  of  our  'activation' 
i with  that  obtained  by  other  workers.  Only  in  this  respect  do  we  not  completely  satisfy  the 

' priifMisiils  directed  by  .Allison  and  Davies  (11)7.5)  towards  descriptions  of  itiacntphage 

activation. 

Macrophagt'  activation  produced  a decrease  in  infection  only  when  /..  m.  mexicaiia  was 
intHKlticed  as  promastigote  forms  aftt'r  activation  was  complete.  .As  the  phagocytic  ability 
of  the  cells  appeared  normal,  and  there  was  no  evidenee  of  any  extracellular  effects  on  the 
[ leishmania  parasites,  this  decrea.se  tnust  have  been  mediated  inti'.-'cellularly.  Maintenance 

of  this  effect  was  dependent  on  additional  non-maerc.phage  factors  present  in  the  original 
pt'ritoneal  exudate,  a feature  al.so  noticed  bv  Bradlev  (personal  communication  cited  bv 
.\1  ;iuel,  Behin,  Biroum-Noerjasin  and  Doyle,  11)74)  in  a similar  study.  These  factors  were 
most  probably  lymphokines  (Dumonde  et  al.,  IDfiD)  which  characteristically  act  through 
the  intermediticy  of  macrophages.  'The  ability  of  lymphokine  factors  to  maintain  a decrea.se 
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in  tlu'  li  ve!  l.i  uhnuiiiin  inlW  tions  llicrcfoiT  siippDi  ls  llu-  cDiu  lusum  llial  llic  decrease  was 
relalerl  to  elianses  iit  tlte  itatnre  of  tlie  maero|>liaf!;es  llieinselves. 

If  amasliu;ote  forms  were  used  to  iiifeel  aelivaled  maeropliaijes.  or  if  die  maerophat;es 
were  aelivaled  afler  promaslii!;oie  li>rms  had  invaded  and  sneeessl'nily  Ir.inslorined.  ihen 
no  rednelion  in  die  };eneral  level  of  inleelion  was  ohiaineil.  riins.  as  in  normal  inai  ro- 
pli.ii;es,  il  appears  dial  only  ineoniplelely  iransformed  promasiinoles  are  t ninerahle  lo 
die  alheii  enlianeed  tlei'iadalit e nu'elianisnis  of  aelivaled  maeropli.iijes.  Maerophai^e 
aelivalion  prodnees  a deereasi'  in  inleelion  hy  promasliijole  forms  prohahly  hc-eanse  die 
enlianeed  Ivsosom.d  response  allows  die  p.ir.isile  less  lime  lo  ir.msiorm.  In  lliis  e\cnl  die 
aelivaleil  maerophaj^e  merely  exploils  more  ellieiendy  a \ ninerahilily  in  die  l.iiilimtiiiin 
dial  is  eipially  esideni  in  normal  maeropliaijjes.  I’erliaps  lliis  is  eipi.illy  line  in  liin:  dial  is, 
does  aelivalion  of  d-e  niaeropliai;e  popnialioii  only  rednee  die  l.iijliiitiiiiin  inleelion  if  die 
p.ir.isile  species  is  imperli'eilv  adapled  lo  survive  in  die  normal  niaeropliat^es  of  di.il  spei  ies 
ol  liosi  riie  dillerenees  lielween  norni.il  and  aelisaled  ni.ieropli.mes  ajipear  lo  he  more 
ipi.mlil.ilive  lli.m  ipi.ilil.il i\  e.  1 herefore  W'  ! l i.^hiiKiiiiii  p.irasiles  are  .ihle  aeli\  ( ly  lo  eonnier 
die  dixr.id.ilive  e.ip.ihililies  of  norm.il  ni.ierophai^es  lliey  should  iheorelie.illy  he  .ihle  lo 
do  die  s.mie  in  .leliiaied  cells.  This  i^eneral  hypoihesis  may  parlly  expl.nii  reeeni  oliseiA.i- 
lions  (.\l.mel  rt  <iL.  I'•7."l;  Manel  and  llehin.  in  prep.ir.il ion)  leadini;  lo  die  eonehision 
ih.il  die  snrviwd  lA'  l.i  iilinniiliii  in  .lelivaled  ni.u  rophai;es  varies  aeeordini;  lo  die  species  or 
sir.iin  of  p.ir.isile  .mil  hosi  anim.d.  l lie  hypoihesis  also  carries  die  implie.ilion  lli.il  if  .1 
I i iy/imdnid  species  is  perfeellv  ad.ipleil  lo  siir\  i\  e in  die  norni.il  m.ierophai;es  of  .1  p.irlienlar 
species  ol  hosl.  dull  .lelitalion  of  die  maerophai;e  popni.ilion.  on  ils  own.  will  nol  he 
enonnh  lo  aehiexe  self-enre.  Indeed  ihere  is  evidence  ol  lliis,  as  die  ousel  ol  delaved  h\  per- 
seiisiiixilN  .mil  lesion  rei;ression  do  nol  eoineide  in  /..  Irnfilai  iiileclions  of  man  (.\dler  I'MiJ). 

( )nr  sindies  on  die  Ivsosom.d  response  to  iiitr.icelhilar  I .risliwdnid  lartjely  corrohor.ile 
lliose  ol  .Mex.mder  anil  \ ii  kernian  (l')7.’i)  and  (ihani^  .mil  Dwyer  (ld7(i).  I here  is 
.ipp.ireniK  no  inhihilion  oflysosoni.il  fusion  sneh  as  occurs  in  macrophai;es  infei  led  wiih 
V.  diiiiilii  I |ones  .mil  llirsch,  III72).  l.ei.\ltmdiud  parasiles  niiisl  ihereliire  he  ahle  in  resisi 
die  Ksiisom.il  en/vnies  llieinselves.  This  could  he  achieved  eillier  diriini;h  a proleelive 
plusic.d  h.ii  I ier  .IS  in  die  e.ise  of  .l/ne/na /iv/hw /c/irariHHivHl/i  (Draper  and  Rees.  I’•70;  ld7!i) 
or  ihroiii’h  .111  aclive  inhihition  ofdie  en/vnies.  Due  lo  die  lack  ol  niorpholoijical  e\  idence 
ol  a pliNsic.d  h.irrier.  and  die  apparenl  low  level  of  acid  phosphal.ise  aelivilv  w illiin  die 
p.ir.isilophorons  vacuole,  we  eonsider  die  laller  allernalive  die  mosi  likely.  Such  may  he 
.ichieved  dirom;h  die  agency  ofseereled  prodncis  releaseil  from  die  llai;ellar  poekel  of  die 
! jiihmdiiid  p.ir.isile,  .111  aelivilv  for  which  ihere  was  some  nllraslrnelnr.il  evidenie.  .\elive 
secrelion  lhroni;h  die  llai’ell.ir  poekel  of  kiiielopl.islid  llai;ell.iles  is  .ilso  well  doenmenled 
hv  Ollier  winkers  ( Ihooker  anil  X’ickernian.  Idlili.Seed  r/i;/..  Idli7:  I’reslon,  I'Hid;  Urooker. 
I '171). 

riie  dislended  nainre  of  am.isl iiroie-conlainini;  parasilophorons  vaenoles  provides 


Fir.  1 2.  I.lt  . I >M)  ot  .in  i!ili‘<  tri  in.uroph.ii'r  l.ti)rllr<i  wiHi  i'oIIomI.iI  liiotiiini 

riir  N.Kitolt'  l*\  is  fiilaikirfl  aiitl  <»>nMins  lalwl  (armwrtl  . I.a)>r]ir.l  sc<ou(lai\  lvM>st»nu  v 

I .N  Mni«Min<i  tin*  |>.irasilo|ilioioiis  vat  tinlr.  anil  sonv  ai<’  lixi’d  in  lln*  |)lcH•^^s  ol  itMlrsiriHr  .iImi  arr(»\M*<l 

¥in.  13.  1.1,  '(  Iron  iiiitToi'r.ipli  of  a nia<  ropli.ii;,*  inft'cli'tl  with  /..  m.  nicMuiUd  proinasliuolo  (orins.  and 
pK'patrd  I'or  ill,'  hiNto<  lu'iniral  localis.ition  ol  a(  id  ph,ispliata',r  4H  hours  later.  Itia,  k d('}>osits  ol  lr.id  pliosphale 
.irro\N(‘d  indi(  ate  sites  of  at  tis  ilv.  Parasitophoroiis  \ at  uoles  | V\  • slum  onl\  low  at  ti\  itN . w hiUl  an  adjat  eni 
Ksosoine  l.^*  deinonsir.iles  a greater  tout cnlration  ol'  lead  phosphate.  The  parasiit's  >P)  also  eoni.iin 
xesn  les  winch  siiow  .it  i,l  piiospiiat.ise  ;i(  ti\itv  ( 

Fif.  14.  I'.leitron  inicroi;r.iph  showini;  an  uninletted  inaerophai;e  prepared  lor  acid  phosphat.a.se 
lot .ilis.ition.  .\n  .nitolysosoinal  \esi(lc  arrowed  shows  a le\el  ol  en/ytne  at  tivity  nint  h greater  ih.in  that 
loiind  w ithin  p.ir.isitophorous  n .icuoles  ol'  sinnl.ir  si/e  ( x . 
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additional  cvidfiuc  (or  active  intcrrcrcncc  with  lysosomal  en/ytne  activity.  Stcinman  et  at. 
(I!>7t))  describe  how  Ihiid  inlhi.x  into  secondary  lysosomes  is  encouraged  if  the  lysosomes 
contain  high  molecular  weight  solutes  that  are  impermeahle  to  the  vacuolar  membrane. 
Normally  such  solutes  would  he  degratled  hy  lysosomal  enzymes  hut  if  tlie  enzymes  are 
inhibited  this  could  not  occur,  and  the  tluid  within  the  secondary  lysosome  wttuld  he 
hyperosmotic.  .\n  ability  incidentally  to  create  an  osmotic  gradient  into  the  parasito- 
phorous  vacuole  could  he  advantageous  to  the  parasite.  It  could  assist  the  passage  of 
nutrients  into  the  vacuole,  and  help  to  incur  eventual  Ksis  of  the  macrophage,  .so  releasing 
parasites  for  rcinvasion  of  other  cells. 

The  present  investigation  suggests  that  survival  of  Leiitimania  p.irasites  in  vertebrate 
macrophages  is  ensured  hy  an  aetive  mechanism  of  [trotection  that  is  ‘switched-on  when 
transformation  is  completed.  I'he  mechanism  probably  involves  blocking  <if  the  host 
lysosttmal  enzymes,  within  the  parasitophorous  \acnole.  by  substances  secreted  by  the 
parasites. 


sr.\i.\i.\RV 

Infections  t)f  l.ei.ihmaiiiii  miwiaina  in  cultured  normal  mouse  peritoneal  macrojjhages 
show  dilferent  iiKirphological  features  depentling  on  whether  the  parasites  invade  as 
protuastigote  or  amasiigote  forms.  Infections  derived  from  jjromastigote  invasion  are 
chara'  lerizetl  by  [tarasitophorons  vacuoles  which  develop  slowly,  and  acquire  only  modest 
proportions.  In  contrast,  the  organisms  in  amastig()te-d<-ri\ed  infections  lie  within  jtarasito- 
phorous  vacuoles  which  develop  more  rapidly,  and  attain  a much  greater  size. 

From  observation  of  promast igotes  of  dilferent  species  af  /.eishma/iia.  it  a|)peared  that 
survival  subsetpient  to  endocytosis  Its  normal  macro[)/iage.s  depends  on  the  parasites' 
rapid  tran>iorniation  to  the  atuastigote  liuin.  .Activation  of  the  macrophage  population 
produced  an  enhanct'd  parasilicidal  effect  only  against  inconqtictely  transformed  /.eiih- 

iiiaiiia  promastigotes.  i 

F.lettron  microsco|)e  investigations,  involving  enzyme  histochemistry  and  lysosome  ! 

labelling  techniques,  indicate  that  intracellular  Leishmania  avoid  digestion  by  interfering 

with  the  activity  of  lysosomal  enzymes  that  are  freely  tlelivered  to  the  parasitophorous  i 

vacuole.  It  is  proposed  that  this  ability  is  actpiired  on  transformation  to  the  amastigote. 
anti  incidentally  induces  tluid  distension  of  the  parasitophorous  vacuole  through  pheno- 
mena recetitly  described  by  other  workers. 

,M:KNowt,Kt)(;EMKNTs.  We  wish  to  thank  onr  colleagues  of  the  Department  of  I’arasitology 
for  valuable  di.scussion  on  various  aspects  of  this  work  and  to  the  Department  of  Medical 
Illustration  for  assistance  in  preparing  the  jtlates. 
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Lnzyine  activity  within  Leishmaiiia 
panisitophoroiis  vucuules 
O.  H.  Lv.WIS  AND  A.  Uti*SO 
Liverpooi  School  of  Tropical  Medicine 

Recent  studios  (ALrxANDtR,  J.  & Vicki  rman.  K., 
1975,  Journal  of  Protozoolot^v,  22,  5t)2  508;  Ch  ang,  K.  1*. 
& OwYtR,  D.  M.,  1976.  Science,  193,  678-681;  Lt\MS. 
n.  H.  & Petfrs,  W.,  fVf  pre'is)  all  indicate  that  host  ceil 
lysosomal  enzymes  arc  freely  delivered  into  the  phatto- 
some  (parasitophorous  vacuole)  containing  the  intra- 
cellular Lcishtnania  parasite.  The  following  study  was 
therefore  instituted  to  determine  whether  intracellular 
Lcishmania  avoided  digestion  by  inactivating  these 
cn/>mes. 

Peritoneal  macrophages  from  Tl  W <'utbrcil  mice, 
infected  with  freshly  isolated  /..  nicxiruna  me.xicana 
amastigote  forms,  were  examined  hisUKhemicallv  for 
localization  of  acid  phosphatase  activity.  Preparations 
for  the  light  microscope  were  incubated  by  the  azo  dye 
coupling  methoil  described  b>  Uakka,  T.  Andkrson, 
P.  J.,  1962.  Journal  of  llisiocheinisiry  and  Cytochcotistry, 
10,  741-762,  and  electron  microscope  preparations  were 
incubated  by  a modification  of  the  Ciomori  technique 
(Ltwjs,  D.  H.,  1976,  Doctoral  Thesis,  University  of 
l.iverpoot).  Both  methods  revealed  only  a low  level  of 
a^id  pho'phaiase  activity  within  the  phago  lysosomes 
.ontainingTW.\//iu4//m/  parasites,  even  i hough  the  parasites 
theniscivcs  sliowcd  sliongiy  * vc  localizations.  Many 
non-infecled  secondary  l>sosomcs  vvcmc  also  wc,ikly  4 vc. 
indicating  that  such  may  be  a feature  of  "oldei**  vesicles. 

Ill  addition,  niacn>phagcs  were  allowed  to  phagmiyto'-e 
L.  m.  mcxkana  amastigotes  m the  presence  i>f  horseradish 
l>ero\idasc  (IIKP).  After  a two-hoiir  chasc  period,  sMCs 
of  HRPacliviiy  were  liH'alized  by  the  lethnique  described 
by  Sh  INMAN.  R.  M.,  Bmvpn.  S.  iS:  C ohn.  A , 1976 
»iu/ C (7/ /ho/if.ev.  68,  (>('5  687).  Results  sluiwed  lhal 
while  non-infecied  cells  contained  mimeums  vesicles 
that  were  ; vc  for  HRP  activity,  infected  cells  were 
generally  only  weakly  * vc.  and  Ihc  parasit^»phoious 
vacuoles  showed  no  activity.  ^ his  may  he  attributable  to 
a .sequestration  and  neutralization  I'f  MKP  Iroin  small 
cytoplasmic  vesicles  by  the  larger  paiasitophoiotis 
vacuoles. 

These  preliminary  icsulls,  therefore,  support  the 
hypothesis  «»f  host  (\M>soma!  enzyme  activity  by  Lrish- 
nw7n/i/-dcnved  factors.  We  believe  such  inactivation  may 
indirectly  cause  the  distension  typical  of  /.,  niexicana 
parasitophorous  vacuoles,  through  the  osmotic  pheno- 
mena described  by  Sihnman  ct  al.  (I97r>). 
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